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was the most necessary in education was to awaken the interest 
of the children in the subject taught. The children would be 
taught to think fox' themselves. Therefore, he had always sup¬ 
ported science teaching in schools not only for its great utility, 
but from a belief that if science teaching was coupled with the 
ordinary literary teaching of schools, a knowledge of the 
literary subjects would be more easily acquired. It did not 
surprise him to hear that there was a good deal in our national 
education system that needed reform. They had just heard from 
a successful and accomplished teacher in this town that science 
could not be taught, because the inspectors themselves discour¬ 
aged the teaching of it. Young gentlemen fresh from the 
Universities —some of them very accomplished—were made the 
inspectors of the whole elementary schools in the country, by a 
system of patronage and not of selection. They .were very highly 
paid, and they were appointed inspectoi's because perhaps’ their 
fathers or near relatives had rendered a service to some particular 
political party whichever it might be. But that was altogether a 
wrong state of matters with reference to education. In London 
he was now constantly hearing a cry as to whether we are not 
over-educating the people. Although all present might acquiesce 
to-day in this discussion, throughout society the cry was, “We 
ax-e over-educating our people.’ 7 The real truth was, that people 
had yet to learn to begin to educate children. They were all 
very proud of. what had been done by the Education Act of 1870, 
and he should be the last man to undervalue that Act. But as 
for having an educational system, he declared they had none. 
To begin with, they should have a Minister of Education who 
would deal with education solely, and who would know some¬ 
thing about his business. Education ought not to be mixed up 
in the Education Department with vaccination and cattle plague, 
and other things. It seemed that all the heterogeneous things there 
was no room for in other departments had been sent to the 
Education Department. He not only supported science teaching 
in schools, but he wanted to see it earned to a higher state than 
the mere teaching of it in schools.. Should the British Associa¬ 
tion visit this town some twenty years hence, they might reason¬ 
ably expect to find ■“ home-bred ” scientific men who would 
appreciate more highly the Association's labours. 

Prof. S. P. Thompson read a paper On Apprentice Schools in 
France .—-The problem to be solved was—how to give that 
technical training and scientific knowledge to artisan children 
which ‘their occupation demanded, without detaining them so 
long at their schooling as to give them a distaste for manual 
labour. There were four solutions of the problem, all of which 
had been tried, and illustrations of which could be seen in Paris. 
They were (1) send the children to work in the factory or work¬ 
shop at an earlier age, making it obligatoxy all through their 
apprenticeship that they should have every day a certain number 
of hours’ schooling in a school in the workshop or attached to 
it. (2) Keep the children at school as long as their education 
was unfinished, but set up a workshop in the school where they 
should pass a certain amount of time every day so as to gain at 
least an aptitude for manual labour. (3) Organise a school and 
a workshop side by side and co-ordinate the hours given to study 
with an equal number 'of hours devoted to systematic manual 
labour; and (4) send the childi*en half the day to the existing 
schools, and the other half to work half-time in the workshop or 
factory. Schools of the first type had existed in France for 
neai'ly thirty years, and at the close of 1878 there were no fewer 
than 237 schools of this character. So far as he was aware, 
there was only one school of the second type—the Ecole com- 
munale d’Apprentis, in the Rue Tonmefort, Paris. The pecu¬ 
liarity of this school was that workshop training was being given 
to lads who had not yet completed a course of elementary 
education. Of the third type some admirable examples were 
to be seen in Paris. Some very interesting particulars were given 
of the progress of the horologieal school at Besan^on. The 
fourth type or half-time school, which was English in its origin, 
was rarely to be found in France. Since the old apprenticeship 
had virtually lapsed, there was nothing to save the young artisan 
of the rising generation from degenerating into a mere machine, 
unless a new agency could be pi'aetically organised. What was 
claimed for the apprenticeship school was that its pupils do not 
possess just a bai*e minimum of knowledge sufficient to procure 
them means of subsistence in one narrow department of one 
restricted industry, but that they possess both manual dexterity 
and a fair technical knowledge which would enable them not 
only to earn more and to turn out better work, but also to be 
less at the mercy of the fluctuation of trade for the means of 


subsistence. Besides the new apprenticeship being better for real 
instruction in technical principles, it was also better for practical 
work in so far as it shortened the needlessly long years of the 
apprenticeship, and imparted at an earlier age all the manual 
capacity that apprenticeship in any form could impart. There 
were not wanting on our horizon signs of significance in the pro¬ 
blem of the relation of science to labour. We had really skilled 
workmen, and no foreign workmen were their equals, but they were 
only units in a crowd. Take which view they would, technical 
education, and above all, the technical education of the artisan 
classes was a sine qua non of the future industrial prosperity of 
Great Bx'itain. What steps then must be taken to give effect to 
the new apprenticeship? Two things would determine the suc¬ 
cess or failure of the school—(1) the obtaining of the right kind 
of teachei'S, and (2) the adoption of a system of instruction 
based upon drawing, which was the language of the manufac¬ 
tures, the handicrafts, the constructive industries of all kinds. 
It was evident that the first step would be the foundation of a 
system for training competent teachex's. Then there must be a 
central technical college, for through such an institution alone 
could community of thought and method of work be obtained. If 
such a system of technical education as he pointed out was to 
be instituted, the nation must move towards its accomplishment 
with a spirit very different from that in which it had viewed 
technical education during the last quarter of a century. Crisis 
after crisis had passed, and capitalists and unionist artisans 
either would not, could not, or dare not confess that the core of 
all the rottenness was the failure of the old apprenticeship to 
cope with the requirements of the age and the new social con¬ 
ditions brought about by the fierce rivalries of industry. 


AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

r T'HE twenty-eighth meeting of the American Association for 
-*• the Advancement of Science was commenced on Wednes¬ 
day, August 27, at Saratoga Springs, N.Y. After the formal 
opening in the Town Hall, the proceedings of the first day were 
mostly concerned with organisation. We give below, in part, 
the address of the retiring president. Prof. O. C. Marsh, which 
was delivered on the evening of the 28th, and we hope shortly 
to offer further intelligence of the scientific work of the 
meeting. 

The new President is Prof. George F. Barker, of Philadelphia : 
the Vice-pi*esident in Section A (comprising Mathematics, 
Astronomy, Physics, Chemistry, and Mineralogy), Prof. Langley, 
of Alleghany; and that in Section B (Geology, Zoology, and 
Botany), Major Powell, of Washington. Px*of. Clarke was 
chairman in Chemistry (sub-Section C), Dr. Morley in Micro- 
scopy (sub-Section D) and Dr. D. Wilson in Anthropology (sub- 
Section E). In addition to the presidential addresses and ordi¬ 
nary work of the sections, we note from the pi*ogi*amme 
that Dr. Edison was to give, on the Saturday evening, an 
iliusti'ated paper on “The Electro-Chemical Telephone; ” while 
Monday evening was to be devoted in general session to hearing 
three papers by Professors Chandler, Hall, and Hunt on the 
mineral waters of Saratoga. There is a goodly list of over 150 
papers to be read before the various sections (and it is, by the 
way, a commendable feature, that the time each would occupy in 
reading is exactly stated). The following are, briefly, some of the 
subjects:—In Section A : Experimental determination of the 
velocity of light (Michelson); Cooling of the sun and the earth 
(Peirce); Solubility of ozone (Leeds); A general law indicating 
the location of planets, satellites, or annular rings round their 
primary (Marsden) ; Metrology and the progress of science 
(Barnard); Double stars (Hall); Identity of lines of oxygen 
with bright solar lines (Draper); Binaural audition (Bell) ; 
Convei'sion of mechanical energy into heat by magneto-electi'ic 
ma chines (Barker) ; Phenomena of heating metal in vacuo by 
means of an electric curi*ent (Edison) : Influence of light 0.1 
eiectiic conductivity of metals (Wright). I11 Section B : Suc¬ 
cession of glacial deposits in Hew England (Upham); Histology 
of insects (Minot); Conditions to be fulfilled by a theory of life 
(Minot); Philosophy of the pupation of butterflies (Riley); Con¬ 
sonantal expression of emotion (Blake); Microscopic crystals in 
the vertebra of the toad (Bolton); The inter-oceanic canal 
problem (Lull); Bornean orangs (Hornaday); Objects of sex 
and of odour in flowers (Meehan); Remarkable crinoidal form 
i*ecently found in Tennessee (Safford); New unpolarisable elee- 
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trades for physiological research (Bowditch); Triassic rocks of 
New Jersey (Cook); Geological action of the acid of humus 
(Julian) ; Anatomy of the cat’s brain (Wilder); Anthracite coal¬ 
fields of Pennsylvania, and their rapid exhaustion (Sheafer); De¬ 
velopment of neuration in the wings of insects (Scudder), In 
sub-Section C : Reduction of carbonic acid by phosphorus at 
ordinary temperature (Leeds) ; Deterioration of 'library bindings 
(Nichols); Variations in temperature and chemical character of 
the water of Fresh Pond, Mass. (Nichols); Revision of the 
atomic weights (Clarke); Results of systematic analysis of air 
(Morley); Meteorological conditions of beet-root culture (McMur- 
trie). In sub-Section E: Superstitions of ancient inhabitants 
of the Mississippi valley relative to rabbits, serpents, owls, 
&c. (Henderson); Archaeological notes from Japan (Morse) ; 
Ethnical influences of physical geography (Wilson); The sign 
language of the North American Indians (Mulbery); Archaeo¬ 
logy of the Champlain valley (Perkins) ; Ethnology of the 
islands of the Indian and Pacific Oceans (Bickmore); Pottery 
and stone implements of the southern mound-builders (Putnam). 

Excursions were arranged to Luzerne, Lake George, Ausable 
Chasm, Howe’s Cave, Montreal, Rutland, Port Henry, and 
Plattsburgh. On presentation of certificates, members could 
make free use of the wires of the Western Union Telegraph 
Company. They could also purchase at nominal rates tickets 
entitling them to all the privileges of the Congress Spring Park, 
day or night. 


HISTORY AND METHODS OF PALAEONTO¬ 
LOGICAL DISCOVERY 1 

T N the rapid progress of knowledge, we are constantly brought 
-*■ face to face with the question, What is Life? The answer 
is not yet, but a thousand earnest seekers after truth seem to 
be slowly approaching a solution. This question gives a new 
interest to every department of science that relates to life in any 
form, and the history of life offers a most suggestive field for 
research. One line of investigation lies through embryology, 
and here the advance is most encouraging. Another promising 
path leads back through the life history of the globe, and in 
this direction we may hope for increasing light, as a reward for 
patient work. 

The plants and animals now living on the earth interest alike 
the savage and the savant, and hence have been carefully 
observed in every age of human history. The life of the 
remote past, however, is preserved only in scanty records, 
buried in the earth, and therefore readily escapes attention. 
For these reasons, the study of ancient life is one of the latest 
of modern sciences, and among the most difficult. In view of 
the great advances which this department of knowledge has 
made within the last decade, especially in this country, I have 
thought it fitting to the present occasion to review briefly 
its development, and have chosen for my subject this even¬ 
ing, The History a no Methods ctf Paleontological 
Discovery. 

In the (short time now at my command, I can only attempt 
to present a rapid sketch of the principal steps in the progress 
of this science. The literature of the subject, especially in 
connection with the discussions it provoked, is voluminous, 
and an outline of the history itself must suffice for my present 
purpose. 

In looking over the records of palaeontology, its history may 
conveniently be divided into four periods, well marked by 
prominent features, but, like all stages of intellectual growth, 
without definite boundaries. 

The first period, dating back to the time when men first noticed 
fossil remains in the rocks, and queried as to their nature, is of 
special interest in this connection. The most prominent charac¬ 
teristic of this period was a long and bitter contest as to the 
nature of fossil remains. Were they mere “ sports of Nature,” 
or had they once been endowed with life? Simple as this 
problem now seems, centuries passed before the wise men of 
that time were agreed upon its solution. 

Sea shells.in the solid rocks on the tops of mountains early 
attracted the attention of the ancients, and the learned men 

1 An Address, delivered before the American Association for the Advance¬ 
ment of Science, at Saratoga, N.Y., August 28, 1879, by Prof. O. C. 
Marsh, President. 
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among them seem to have appreciated in some instances 
their true character, and given rational explanations of then- 
presence. 

The philosopher Zenophanes, of Colophon, who lived about 
500 B.c., mentions the remains of fishes and other animals in 
the stone quarries near Syracuse ; the impression of an anchovy 
in the rock of Paros, and various marine fossils at other places. 
His conclusion from these facts was, that the surface of the 
earth had once been in a soft condition at the bottom of the 
sea ; and thus the objects mentioned were entombed. Herodotus, 
half a century later, speaks of marine shells on the hills of 
Egypt, and over the Libyan desert, and he inferred therefrom 
that the sea had once covered that whole region. Empedocles, 
of Agrigentum (450B.c.), believed that the many’hippopotamus 
bones found in Sicily were remains of human giants, in compari¬ 
son with which the present race were as children. Here, he 
thought, was a battle-field between the gods and the Titans, and 
the bones belonged to the slain. Pythagoras (582 B.c.) had 
already anticipated one conclusion of modern geology, if 
the following statement, attributed to him by Ovid, was his 
own; 1 

Vidi ego quod fuerat sofidissima tellus, 

Esse fretum : vidi factas ex aequore terras; 

Et procul a pelago conchas jacuere marinas. 

Aristotle (384-322 B.c.) was not only aware of the existence 
of fossils in the rocks, but has also placed on record sagacious 
views as to the changes in the earth’s surface necessary to account 
for them. In the second book of his meteorics, he says: 
“The changes of the earth are so slow in comparison to the 
duration of our lives, that they are overlooked ; and the migra¬ 
tions of people after great catastrophes and their removal to other 
regions, cause the event to be forgotten.” Again, in the same 
work, he says : “As time never fails, and the universe is eternal, 
neither the Tanais, nor the Nile, can have flowed for ever. 
The places where they rise were once dry, and there is a limit to 
their operations: but there is none to time. So of all othe! 
rivers; they spring up and they perish; and the sea also continually 
deserts some lands and invades others. The same tracts, there 
fore, of the earth are not, some always sea, and others always 
continents, but everything changes in the course of time.” 

Aristotle’s views on the subject of spontaneous generation 
were less sound, and his doctrines on this subject exerted a 
powerful influence for the succeeding twenty centuries. In the 
long discussion that followed concerning the nature of fossil 
remains, Aristotle’s views were paramount. He believed that 
animals could originate from moist earth or the slime of rivers, 
and this seemed to the people of that period a much simpler 
way of accounting for the remains of animals in the rocks than 
the marvellous changes of sea and land otherwise required to 
explain their presence. Aristotle’s opinion was in accordance 
with the Biblical account of the creation of man out of the dust 
of the earth, and hence more readily obtained credence. 

Theophrastus, a pupil of Aristotle, alludes to fossil fishes 
found near Heraclea in Pontus, and in Paphlagonia, and says : 
“ They were either developed from fish spawn left behind in 
the earth, or gone astray from rivers or the sea into cavities of 
the earth, where they had become petrified.” In treating of 
fossil ivory and bones, the same writer supposed them to be pro¬ 
duced by a certain plastic virtue latent in the earth. To this 
same cause, as we shall see, many later authors attributed the 
origin of all fossil remains. 

Previous to this, Anaximander, the Miletian philosopher, who 
was born about 610 years before Christ, had expressed essentially 
the same view'. According to both Plutarch and Censorinus, 
Anaximander taught that fishes, or animals very like fishes, 
sprang from heated water and earth, and from these animals 
came the human race; a statement which can hardly be con¬ 
sidered as anticipating the modern idea of evolution, as some 
authors have imagined. 

The Romans added but little to the knowledge possessed by 
the Greeks in regard to fossil remains. Pliny (23-79 a,d.), 
however, seems to have examined such objects with interest, and 
in his renowned work on Natural History gave names to several 
forms. He doubtless borrowed largely from Theophrastus, who 
wrote about three hundred years before. Among the objects 
named by Pliny were, “ Bueardia, like to an ox’s heart;” “ Bron- 
tia, resembling the head of a tortoise, supposed to fall in thunder¬ 
storms ; ” “ Glossoptra, similar to a human tongue which does 
not grow in the earth, but falls from heaven while the moon is 
1 " Metamorphoses,” Liber xv., 262. 
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